The GRACE mission has demonstrated a tremendous potential for observing mass changes in the Earth system from space for climate research and the observation of climate change. Future mission should on the one hand extend the already existing time series and also provide higher spatial and temporal resolution that is required to ful l all needs placed on a future mission. To analyse the applicability of such a Next Generation Gravity Mission (NGGM) concept regarding hydrological applications, two GRACE-FO-type pairs in Bender formation are analysed. The numerical closed loop simulations with a realistic noise assumption are based on the short arc approach and make use of the Wiese approach, enabling a self-de-aliasing of high-frequency atmospheric and oceanic signals, and a NRT approach for a short latency. Numerical simulations for future gravity mission concepts are based on geophysical models, representing the timevariable gravity eld. First tests regarding the usability of the hydrology component contained in the Earth System Model (ESM) by the European Space Agency (ESA) for the analysis regarding a possible ood monitoring and detection showed a clear signal in a third of the analysed ood cases. Our analysis of selected cases found that detection of oods was clearly possible with the reconstructed AO-HIS/HIS signal in 20% of the tested examples, while in 40% of the cases a peak was visible but not clearly recognisable.
Introduction
Since the year 2000, the mass transport processes of the (Tapley et al. 2004; Flechtner et al. 2017) . The CHAMP satellite mission's main observing technique is a high-low satellite-tosatellite tracking (hl-sst) leading to a spatial resolution of 500 to 1000 km (Baur 2013) . The GRACE concept is based on twin satellites ying in a LEO (low Earth orbit) with the main observation being the K-band microwave lowlow satellite-to satellite tracking (ll-sst) between the two satellites. GRACE-FO features an additional inter-satellite laser ranging interferometer as technology demonstrator (Sheard et al. 2012) , establishing that a further improvement of the ranging accuracy down to a few nanometres is possible.
Based on this observation techniques the computation of temporal gravity elds with a resolution of 1 month (Tapley et al. 2004) , 10 days (Bruinsma et al. 2010; Tapley et al. 2013 ) and even 1 day solutions (Kurtenbach et al. 2009; Mayer-Gürr et al. 2016) , the latter using a Kalman lter, are possible, supporting the global and continuous analysis of atmosphere, ocean, hydrology, ice and solid Earth (AOHIS) for hydrological processes (Rodell et al. 2009; Tiwari et al. 2009 ), ice mass melting (Luthcke et al. 2013; Velicogna et al. 2014) , sea level risk (Willis et al. 2010) , atmospheric circulation (Forootan et al. 2014) , changes of the solid Earth like earthquakes (Han et al. 2013) , and their interaction.
Possible NGGMs will have to address the issue of an anisotropic error spectrum and resulting strong striping features due to observation geometry in combination with temporal aliasing e ects (Seo et al. 2007) , hampering more challenging user requirements in terms of spatial resolution, time resolution and latency. A NGGM constellation usually consists of two GRACE-like pairs in a polar and an inclined orbit, also called Bender-pair, to address these issues. In addition to the improved scienti c analysis that would be possible with such a satellite constellation, timevariable gravity eld products shall contribute to operational services and applications such as water management, coastal vulnerability monitoring and forecasting of oods and droughts .
To analyse the applicability of a NGGM constellation regarding the detection and possible future prediction of droughts and oods, 6 months of data based on a Bendertype NGGM constellation was simulated. Chapter 1 introduces shortly the simulation environment, the orbit parameters of the satellite constellation, the noise characteristics used and the post-processing. Chapter 2 describes the used data sources and details the processing of the gravity elds towards a time series for oods and droughts detection. Among the results, a comprehensive analysis of the simulation itself, the analysis of the content of the hydrological layer, the comparison of the H component to HIS and AOHIS are presented, the applicability of the reconstructed gravity elds for the proposed application is studied and open questions within the analysis are discussed (see Chapter 3), followed by a short conclusion and outlook in Chapter 4.
Within the paper the following de nitions are used: A ood is the rise and over ow of a large amount of water beyond its normal limits and can happen depending on the overall situation within hours, while a drought is the prolonged shortage in the water supply and can only be detected in long-term monitoring. Their possible detection is limited by the fact that with gravity data only socalled gravimetric oods and droughts are visible, meaning events that are associated with a change of mass and a corresponding change in the temporal gravity eld. In this paper we focus on ood events.
Simulation . Orbit design
While various studies have analysed the potential of a second pair (Bender et al. 2008; Wiese et al. 2012) , the study by Elsaka et al. (2014) has concluded that a Bender con guration consisting of a polar and an inclined pair gives the best gain in accuracy on a global average. The orbit design itself is in accordance with the ndings of the ESA-funded study SC4MGV (Assessment of Satellite Constellations for Monitoring the Variations in Earth Gravity Field) (Iran Pour et al. 2015) . The main nding being that there is a certain freedom to tailor the orbits to potential applications, because a multitude of di erent scenarios delivered very comparable results regarding achievable gravity eld performance. The study also showed that the retrieved gravity models did not have constant quality over time. Therefore, in order to improve the situation the orbits selected in this study have the same drift rate to ensure optimal interleaving at all times. The analysed constellation consists of a near-polar pair similar to GRACE and an inclined pair with an inclination of 70 • , see also Table 1 . The state vectors used for the orbit integration are from the ESA-funded ADDCON study (Additional Constellation & Scienti c Analysis of the Next Generation Gravity Mission Concept) (Purkhauser et al. 2018 ).
. Numerical simulator
The simulation was processed by a numerical closed-loop simulator available at the Institute of Astronomical and Physical Geodesy (IAPG) Daras 2016) using the short-arc approach (Schneider 1969) with a low-low satellite-to-satellite tracking (ll-sst) and high-low satelliteto-satellite tracking (hl-sst) component sampled at 5 seconds. Additionally, the NRT processing consisting of a combination of the Wiese approach ) and a sliding window averaging at normal equation level (Purkhauser and Pail 2019) , is used. The Wiese approach co-estimates a low spatial resolution gravity eld at a short time interval together with higher resolution gravity elds sampled at longer time intervals, allowing for a selfdealiasing and the stable processing of solutions of a few days combined with a daily gravity eld solution. The sliding window averaging allows for an optimal latency of one day, due to the fact that the data of each day is processed as soon as all necessary data products like EOP (Earth orientation product), rapid GNSS orbits and clocks are available, while the data of the rst day in the previous solution is excluded. Consequently, the data analysis is performed with redundancies on the daily solution level and features overlapping gravity solutions. Based on this processing scheme, a variety of di erent data sets are available. More details on the approach can be found in Purkhauser and Pail (2019) .
Since a short time sampling was desired, gravity elds with a temporal resolution of three days and a spatial sampling of d/o 30 corresponding to a spatial resolution of approx. 670 km or 160.000 km , accompanied by daily solutions with a spatial resolution of d/o 15 corresponding to a spatial resolution of approx. 1300 km or 1.700.000 km were determined. The gravity elds were processed from 1 st of January till 30 th of June of the year 2002.
. Data
The simulation is based on the static gravity eld GOCO05s model (Mayer-Gürr and the GOCO Team 2015) and ESA's ESM (Dobslaw et al. 2015 ), a synthetic model of the time variable gravity eld of the Earth available in spherical harmonics up to degree and order (d/o) 180 from the years 1996 to 2005 at 6-hourly snapshots. The time variable gravity eld consists of AOHIS which are computed as coupled geophysical models as well as gravity eld changes due to solid Earth processes like continuous glacial isostatic adjustment (GIA) or a sudden earthquake with co-seismic and post-seismic signals. It is used as model for the time variable gravity eld information in order to perform the simulation study and also to validate the simulated gravity elds. The H component of the AOHIS includes a global model of all terrestrially stored water. The model is validated with satellite altimetry over surface water bodies and also GRACE.
A realistic de-aliasing model for high-frequency mass variability in atmosphere and ocean is also provided by the ESM in two separate components (Dobslaw et al. 2016 ). The AO error (AOerr) model represents both large-scale and small-scale errors with zero mean and a stationary variance.
As ocean models either the GOT4.7 (Goddard Ocean Tide) tide model (Ray 1999) or the EOT08a (Empirical Ocean Tide) model (Savcenko and Bosch 2008) are used. Starting from the same state vectors but di erent force models the orbits and observations representing the "true" world as closely as possible and a reference world are propagated. The observations of the "true" world are additionally superimposed by noise time series according to the potential measuring system (see Table 2 ).
. Stochastic modelling
In the context of the simulations the following two error sources were considered: the laser ranging instrument noise (see Eq. (1)) and the accelerometer noise (see Eq.
(2) and (3)). The noise characteristics of the error sources are all frequency dependent (f ) and are approximated by analytical equations in terms of range rates
with x being the along-track, y across-track and z the quasi-radial component. Since the satellite is assumed to y in drag-free mode, the biggest part of the nongravitational forces is compensated by a propulsion system consisting of ion thrusters. The error assumptions of NGGMs were provided from the consultancy support of Thales Alenia Space Italia (TAS-I). In addition to the sensor noise, the NGGM simulations includes uncertainties in the ocean tide model (represented by the di erences between two di erent ocean tide models), see Table 2 . The impact of orbit errors is taken into account by propagating 1 cm of white noise onto the orbit positions.
. Post Processing
To enhance the signal-to-noise ratio (SNR) of the NRT results in post-processing, a time variable decorrelation (VADER) lter was applied (Horvath et al. 2018) . The main relation between ltered (x VADER α , see Eq. (4)) and un ltered (x) spherical harmonics coe cients, is given bŷ
with the corresponding normal equation matrix N, the inverse signal variance matrix M and the scaling factor α, for an adjustment of the lter strength. These three components form the lter matrix Wα. In the case of the simulation the signal variance matrix can easily be computed from the known true signal, namely the ESA ESM AOHIS. This is a kind of best-case scenario, but in (Horvath et al. 2018) it was shown that the in uence of the chosen signal variance model on the lter result is rather small.
Data Analysis
The following chapter describes the process of creating time series of ooded areas. For the information on oods the collection of the Dartmouth Flood Observatory (DFO) is used (Brakenridge et al. 2002) . The collected data of 
. Input data
The ood time series is determined for the following data products: -The ESM's H component to check the signal content of the hydrology component and investigate which ood events are visible. -The whole ESM signal, namely AOHIS, which contains the full time variable gravity information, downsampled. -The ESM's HIS signal consisting of the hydrological signal as well as the ice and solid Earth information, also down-sampled. -The AOHIS reconstructed by the numerical closedloop simulation as described in Chapter 1 as NRT solutions with a temporal resolution of 3 days. Additionally, the reconstructed AOHIS is VADER ltered (α=1000). -The HIS signal, reconstructed by subtracting the AO dealiasing product from the full reconstructed AOHIS.
To make the di erent data sets comparable, a downsampling of the ESM by computing a weighted mean of the 6h snapshots to the temporal and spatial resolution of reconstructed signals (3 days, d/o 30-50) was necessary. Additionally, an average year time series to enable the analysis of the deviation from the normal year is computed for each input signal. The computation is done from the ESA ESM model solely, which is available for 12 years (for further discussion see Section 3.4).
. Time series of speci c areas
The following process was applied for all data speci ed in Section 2.1: -For a spatial representation in equivalent water heights (EWH, see Eq. (5)) (Wahr 1998 ) the spherical harmonics are evaluated on a grid with a spacing of 0.25 • :
where ρ w and ρ e represent the average density of water and Earth, a the semi-major axis of the Earth, kn the love numbers and cnm and snm represent the spherical harmonic (SH) coe cients -Next, a de nition of areas of interest is needed. This analysis is based on the ood data from the DFO. The ood data set includes the a ected area itself in latitude and longitude coordinates. Additionally, circles situated at the centroid of the a ected area with different radius are chosen. Also, river basins¹ and sub-basins² have been identi ed as potential areas of interest.
-These polygons were used to be intersected with the EWH information on the grid, keeping only the data points of the area of interest. 
Results
The following chapter will rst validate the simulation results of the gravity eld retrieval spatially as well as in the frequency domain. Further, the recoverability of the signal is also checked within the time series. Then the possibility to detect oods in comparison with an average year, computed from the same data basis (ESA ESM) is validated and open questions regarding the computation of the average year, de nition of the area of interest and spatial leakage of ood events are discussed.
. Validation of the Simulation
Within the simulation time period 179 3-day solution were computed. As Fig. 1 After the exclusion of very small and therefore local oods (34% of the data set) and the visual analysis of the remaining events of 74 oods a set of 15 ood cases (see Ta-ble 3 ) with clear visual indications, meaning an ascending trend and/or a peak in the ood time series at the indicated time period, was selected for further testing, marked with black circles in Fig. 2 .
Next, the detected oods were examined regarding their signal amplitude in di erent SH resolutions. Figure 3 visualizes the ood time series for three examples for the hydrological component: On the top a smaller ood in Australia (a) with an a ected area of approx. 60.000 km and short duration is depicted. In magenta the EWH minus the average EWH, computed from the 12 years of available ESM data, in the same area taking spherical harmonics till d/o 100 into account is depicted. In blue and green the time series with a lower SH resolution, namely d/o 50 and 30 is displayed. The comparably large signal bias is due to its small spatial expansion, but strong amplitude and was also observed in other small scale examples. The other examples are in the US (b) with a large area of approx. 280.000 km and a long duration, and a middle scale ood in China (c) with an expansion of approx. 130.000 km and an intermediate duration. Both time series show only a small deviation when using a lower SH resolution. In all analysed cases the ood is visible in all SH resolutions, which is important for the following analysis. Also, the size of the analysed area of interest as well as the magnitude of the signal plays a role in the detectability of oods.
Below each time series gure the general area of the ood is visualized spatially at the beginning and in the middle of the indicated ood. The SH resolution from left to right is: d/o 100, 50 and 30. The reduction of SH resolution and therefore the signal content can be observed in the spatial pattern and magnitude. The ood in Illinois (US) is large enough to be easily recognizable in the spatial plot as well, however, the indicated spatial expansion indicates a larger a ected area. Overall, the spatial plot is not as easily interpretable as the computed time series.
. Signal Content of the ESA-ESM H vs HIS vs AOHIS component
The NGGM gravity eld retrieval can be done for the whole AOHIS signal. This is one of the main advantages of a NGGM concept over a single-pair. For oods, and in the future also droughts, the hydrology component is of interest. The main contributing components over continents hampering the detection of oods is the atmosphere. The HIS components can be retrieved from AOHIS by removing atmosphere and ocean (AO) via AO dealising products, also available from the ESA ESM model. According to the a ected area, the floods are marked in cyan for floods equal or larger than 160.000 km 2 , magenta for floods equal or larger than 40.000 km 2 and smaller than 160.000km 2 . Small flood (smaller than 40.000km 2 ) are marked in blue. Floods smaller than 3.000 km 2 are excluded from the graph. Floods selected for further analysis, due to a visibility of the indicated flood in the hydrological layer of the ESA ESM model are circled in black. Figure 4 shows the EWH for the same three selected ood areas with the H, HIS and AOHIS component till d/o 30 in comparison. In grey the duration of the ood is marked. Clearly the most variations are visible in the full AOHIS signal visualized in red. These variations are due to the atmospheric component in the full signal. In comparison the HIS signal (displayed in cyan), without the atmosphere and ocean (not applicable in this case, due to analysing only areas on the continents) has clearly less uctuation in the signal. However, this signal is only available after using AO-dealising products, which entail their own errors as well. And lastly in green the hydrology, which is the signal of interest. Fig. 4 shows clearly the impact of the atmospheric signal in the AOHIS, as well as the potential of the HIS signal for the detection of oods. Note that both ice and solid Earth have smaller and also more long term characteristics compared to hydrology. The question is now how well the signal can be recovered in the closed-loop gravity eld retrieval experiment to enable the monitoring and detection of oods.
. Flood detection from reconstructed signal
The simulated scenario of a NGGM double pair mission allows for a full reconstruction of the AOHIS, due to the possibility of self-dealiasing with the Wiese approach. A rst analysis of data is therefore the correlation of the reconstructed AOHIS to the ESA ESM AOHIS for the ooded zones. Table 4 shows the correlation of the reconstructed AOHIS and the original ESA ESM AOHIS in terms of percent and RMS error. Using the reconstructed signal directly till the SNR is met, leads on average to a correlation of 87.5%, if the a ected area is used as area of interest directly. The best cases indicate correlations of up to 99%, while the worst are about 78%. These di erences, however, cannot be directly linked to features like area, shape or location. The RMS values show value wise the same behaviour as the correlation in percent. The analysed case of Indonesia (ID 1870) is an outlier due to its shape and structure as an insular state with the biggest problem being the signal separation between land and ocean in coastal regions. Also, in case of oods close to the coast the generalized circular shape has to be considered with care or results dismissed, due to the possible inclusion of oceanic data in the averaged result. Table 5 lists the correlation using the VADER ltered reconstructed signal. While the performance of the signal is expanded by 10 degrees, the correlation is on average decreased by 10%. This reduction is caused due to the l- tering and inherent damping of the signal as well as spatial leakage due to the ltering process. Figure 5 shows the reconstructed AOHIS in the un ltered version till d/o 30 and the VADER ltered reconstructed AOHIS signal till d/o 40. While the lter helps a lot with the typical GRACE striping, that in a NGGM concept is reduced but still visible, the computed time series displays the e ects of the ltering as ampli ed peaks. Therefore, ltering for such an application has to be evaluated carefully, and based on the results of this analysis, its seams recommendable to lter the data on the ood time series level.
If a more generalized approach for the area of interest is chosen, in this case circles drawn around the centroids with di erent radius (for further discussion see Sec- tion 3.4), similar results can be achieved. A radius of 2 • means that the analysed area corresponds to the spatial resolution of a gravity retrieved with d/o 50, where on average 86.3% of the signal can be restored, while a larger area means a better recoverability by 89.3%, which is even better than for the ooded area itself (see Table 4 ). A very similar result is also observable for the VADER ltered cases (see Table 5 ), with an improvement of the circle with a radius of 4 • due to the larger area used in the analysis. Figure 6 displays the reconstructed AOHIS for the oodzone as well as the circular shape with a radius of 3 arc degree. The di erence between the results is, as in the case of the correlation and RMS values, negligible.
Next, the atmosphere and ocean (AO) dealiasing component is subtracted from the full AOHIS signal to nally assess the reconstructed signal in comparison to the hy- drological input signal. Table 6 lists the correlation and RMS of the reconstructed HIS signal. While the correlation to the original time series is 20% less than when the full AOHIS is compared, the RMS stays in the same range. However, the change in correlation is not at the same level overall. Small oods in coastal areas experience the biggest degradation when using AO-dealiasing products to compute the reconstructed HIS signal. Also the second ood in Russia (ID 1962) , with a large spatial expansion, but small amplitude, has a distinct decreased correlation factor. Figure 7 visualizes the reconstructed HIS signal compared to the ESA ESM H component. It is clearly visible that the errors of the reconstructed gravity elds can be as large as the signal of interest. The reconstruction error compared to the signal amplitude depends on the size of the ooded area. While in the small example in Australia (Fig. 7a ) the reconstruction error is dominating, the error becomes less important if larger areas are a ected. Also the quality of the AO-dealiasing product plays a role.
To smoothen the time series a moving average with different window lengths is applied. Visually the moving average with the shortest window of 7 days performs best, while the moving average with the longest window of 31 days removes too much information from the data. The correlations in Table 7 comparing the reconstructed HIS to the  desired H component of the ESA ESM re ects the results of  Table 6 , because the components ice and solid Earth do not produce a lot of valuable signal in the analysed regions. Also the results of the smoothed time series shows, that none of the applied moving averages performs optimal for the intended application. Fig. 7 . The reconstructed HIS signal (by subtracting the AO Dealiasing products) for the 4 arc degree radius areas directly (red), with a moving average with d=31 (magenta), d=15 (cyan) and d=7 (blue) compared to the hydrological component of the ESA ESM (green).
From the 15 analysed ood events 20% are visually clearly identi able as peaks in the reconstructed HIS signal, while 40% are visible, but are surrounded by other peaks and not as single ood event distinguishable. This result suggests, that the methodology is applicable for the suggested monitoring and detection of oods but needs improvement. The analysis showed clearly that a direct use of the reconstructed NGGM gravity elds without any post-processing is possible. The retrieval error, which depends on the size of the studied area, is still a big factor hampering the application based solely on gravity data. Also issues like average year (for more information see Section 3.4) and signal dealiasing with AO-dealiasing prod-ucts have to be addressed, before an actual implementation with unambiguous results can be undertaken.
. Open Questions

Average Year
The computation of the reference year is done from the ESA ESM model solely, which is only available for 12 years. This means that the climatology expressed by the average for the reference year by itself is in uenced by oods and droughts. A climatologically relevant time scale is at least 30 years and more, so that extreme years in terms of weather are balanced out by the other years of data. It can be expected that an average year of the recommended 30 or more years will be smoother and less likely to be inuenced by onetime events such as oods and droughts themselves. A detailed comparison to the current averaged reference year (in spherical harmonics on a global level and as ood time series in EWH on a local level) has shown that for each analysed area, a di erent year (or even years) would have to be excluded to improve the average year signi cantly.
Since there are no plans for an extension of the ESA-ESM, a possibility to extend the time series would be to use GRACE data. However, di erent data sources would be mixed in that case. In a possible future automated process and alerting scheme the used average year is of great importance to give correct and precise information about the potential of a drought or ood.
Analysed Area
The analysed gravity time series initially was derived for the exact area of the ooding indicated by the DFO. While at this point the general detection of oods is analysed, in a future application the monitoring and detection beforehand is of interest. Therefore the next question is, which kind of de nition of the area of interest would be best suitable for a more general approach.
In Fig. 8 di erent de nitions of area of interest are visualized. The actually a ected area (Fig. 8, top left) is only known after a ooding event took place. However, to analyse the potential of a monitoring system, and possibly detection system the a ected area is an important factor. For an automated scheme circles on a grid could be an option to objectively judge each area -in Fig. 8 circles with the radius of 2 • , 3 • and 4 • are visualized. Overall these generally de ned areas have given good results and are useful for such an analysis. Only the island state of Indonesia was not well covered by the analysis. Another possi- bility are naturally de ned areas or regions such as catchment borders and river basins. The selected example of the Mississippi catchment depicted in the bottom left of Fig. 8 demonstrates, that in a few cases the catchment is a too general selection since the area is too large. In this speci c case a smaller-scale de nition like the subbasin Upper Mississippi River as depicted is more suitable, since not the whole river system was a ected by the ood. However the overall analysis of the 15 cases showed, that only in a few cases, the catchments or the subbasin would have been a useful spatial de nition.
Signal Aliasing
Another challenging aspect of the analysis is the occurrence of several ood events in a similar, neighbouring or overlapping region. Figure 9 depicts the time series of the Yangtze River catchment. The catchment is, as the Mississippi River catchment, rather large and consists of various rivers. Within the small time span of mid-May to the end of June, seven ooding's occurred in the region as the top right corner Fig. 9 depicts. The individual peaks are not distinguishable due to spatial leakage, with some peaks being visible in other time series as well, while others are not visible among the outliers. For such overlapping events additional data with a higher spatial resolution for a data assimilation is necessary to distinguish the events from each other.
Post-Processing
Both implemented post-processing strategies, namely the VADER lter as well as the moving average, did not achieve the hoped for results. Compared to other commonly used lters, the VADER lter is speci cally tailored to its data and signal. However, even with its ne-tuned lter matrix based on the solutions own NEQ, the lter still creates signal leakage on a spatial level. In comparison, the moving average window, indiscriminately smoothes the time series according to its input parameter and does not take into account the behaviour of the underlying time series. From this results it must be concluded further investigation is needed to give a conclusive answer on what postprocessing methodology achieves the best result for the application.
Conclusion and Outlook
The analysis within the paper is based on a closed loop simulation for a NGGM Bender pair using the Wiese approach for selfdealising and additionally a NRT retrieval approach to achieve a very short gravity eld retrieval latency for the application of ood detection. For the analysed time span of the rst half of the year 2002 15 oods, detectable in the hydrology component of ESA's ESM, are analysed based on the reconstructed HIS signal.
In 20% of the analysed oods a clear detection was possible with the simulated NGGM gravity elds only, while 40% were visible but not clearly distinguishable as ood due to other similar peaks in the time series. How well the ood is detectable is dependent on the ood characteristics itself like spatial expansion and signal magni-tude. When reconstructing HIS with the help of AO dealiasing products, the retrieval error of especially coastal and small oods su er. However, a conclusive answer of the impact of di erent factors in the detectability could not be given within the scope of the paper. This would be a valid starting point for a more in-depth analysis.
When using di erent de nitions of areas of interest similar result could be obtained, leading to the conclusion that a generalized approach would be a great option for a future service. The implementation of a post-processing scheme has shown, that although it is possible with NGGM to retrieve the complete AOHIS, a tailored post-processing is of essence to fully exploit the potential of NGGM constellations and their advantages. The implemented VADER lter as well as the moving average on time series level, are both not the optimal t for the presented application.
Going forward several research topics have emerged from the presented analysis. On the one hand there are improvements to the data and analysis possible: First of all the average year has to be improved by adding additional years of data or removing outliers from the data set. One possibility would be to use real GRACE data to prolong the time series as long as no extension of the ESA-ESM is planned. Another, to calculate overall the average year not on a global, but on a local level, so that a potential outlier detection is meaningful.
Of interest in the future is also an analysis regarding droughts, which usually build up over years, or at least several months, so that at least a year-long simulation is necessary to quantify the possibilities in this area adequately.
Additionally, there are some general questions that still miss a conclusive answer: The in uence of spatial leakage on neighbouring areas in regards of overlapping events. Also what kind of droughts and oods are detectable and in the end predictable via gravimetric satellite data (only). 
